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Abstract 
 
Copper nanoparticles deposited on reduced graphene oxide (RGO) have been 
investigated for various applications. In many of these reports RGO is used as a 
support and electron collector and not as a light absorber. However, Cu 
nanoparticle decorated over the surface of semiconducting RGO as a light ab-
sorber has not been investigated for its photocatalytic organic dye degradation 
activity. Here, we deposited Cu nanoparticle on RGO sheet by insitu 
photoreduction method. The Cu/RGO nanocomposite photocatalyst material is 
characterized by UV-Visible spectroscopy, FT-IR and X-ray powder diffraction 
and its photodegradation activity towards model organic dye was investigated. 
Based on our results, it was found that the photocatalytic degradation efficiency 
of GO, RGO and Cu/RGO nanocomposites were 63%, 68% and 94%,  
respectively under light irradiation at pH~7 in 50 min. The high photocatalytic 
performance of Cu/RGO nanocomposite is due to the catalytic effect of Cu. The 
Cu nanoparticle is a good photoelectron acceptor that traps the photoelectron and 
reduces the recombination rate of photoelectron-hole pairs. We believe that our 
finding would be widely applicable to the graphene oxide based composites with 
metal or metal oxide nanoparticles to develop a cost effective technique for 
environmental protection. 
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INTRODUCTION 
 
Color removal from textile and paper industries effluents remains a serious 
challenge and the cause of serious effects in water bodies as it reduces light 
penetration and hence death of aquatic life. Therefore, the efficient treatment 
of waste waters has become of immediate importance among the scientific 
community around the globe as there is a growing need to come out with the 
state of the art technologies that are capable to solve the problems. Ideally 
an effective waste water treatment is to mineralize completely all the toxic 
contaminants in waste water without leaving any hazardous residues. In 
addition the waste water treatment process should be cost effective and 
feasible for large scale applications. These techniques include coagulation 
and sedimentation in which sediments again create disposal problems. Other 
techniques include the use of constructed wetlands but are expensive to 
construct, require more space and minimal chances of success as the 
ecological conditions may not favor particular plant species that are known 
to remove heavy metals. Photocatalytic dye degradation process is the most 
promising technology of advanced oxidation process for mineralizing or-
ganic pollutants (Tanaka et al., 2000; da Silva et al., 2003; Mahmoodi et al., 
2017). Several semiconducting metal oxide materials including TiO2 
(Akbal, 2005; Barka et al., 2010), ZnO (Rajamanickam et al., 2016), Fe2O3 
(Zang et al., 2010), WO3 (Carcel et al., 2011), CuO (Nezamzadeh-Ejhieh et 
al., 2010; Nezamzadeh-Ejhieh et al., 2013, 2014), and non-metallic oxide 
such as GO (Zhang et al., 2010; Sun et al., 2012) have been investigated for 
their good photocatalytic organic waste treatment activities. GO based 
photocatalyst materials have several advantages over the other materials be-
cause they are non-toxic, low cost of the precursor material and ease of 
synthesis from graphite powder. Because of these merits, GO based 
photocatalyst materials have been investigated in several applications 
including photocatalytic hydrogen production from water splitting (Yeh et 
al., 2010; Yeh et al., 2011; Jiang et al., 2013), antimicrobial activity (Sun et 
al., 2017; Liu et al., 2019; Wei et al., 2019), photocatalytic CO2 to methanol 
conversion (Hsu et al., 2013; Kumar et al., 2015), and photodegradation of 
organic pollutant in waste water (Zhang et al., 2010; Sun et al., 2012). To 
decrease the larger band gap of GO, a controlled reduction can be introduced 
to make RGO. GO and RGO have been coupled with other semiconductors 
and metals to improve its photocatalytic activities, including CuO/RGO for 
PEC H2 generation (Dubale et al., 2014), GO/g-C3N4 (Xiang et al., 2011; 
Zhang et al., 2011; Babu et al., 2015) for , Fe2O3/RGO (Tamirat et al., 
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2015). Copper nanoparticle deposited on RGO have been investigated for 
various application including photocatalytic hydrogen production (Zhang et 
al., 2018) and biomedical purpose (Jia et al., 2015). In all these reports RGO 
is used as a support and electron collector and not as a light absorber. 
However, Cu nanoparticle decorated over the surface of semiconducting 
RGO as a light absorber have not been investigated for its photocatalytic 
organic dye degradation activity, except a report on photosensitized on 
Cu2+/Cu+ mediated degradation of dyes on RGO (Xiong et al., 2011). Here, 
we deposited Cu nanoparticle on RGO sheet by insitu photoreduction 
method. The Cu/RGO nanocomposite photocatalyst material is 
characterized and its photodegradation activity towards model organic dye 
was investigated. 
 
 
MATERIALS AND METHODS  
 
Synthesis of graphene oxide and reduced graphene oxide 
 
GO were produced from pristine graphite powder (>99.8%, Alfa Aesar) 
using a modified Hummer's method (Hummers et al., 1958). In brief, 2.0 g 
of graphite powder and 1.0 g of NaNO3, and KMnO4 were maintained at 
temperatures below 20 °C while stirring. After removal from the ice bath, 
the mixture stirring was maintained for 30 min at 35 °C. Then, the solution 
was put in an oil bath and 92 mL of distilled water was slowly added, while 
the temperature of the solution was raised to 98 °C and maintained for 15 
min. The reaction was terminated by adding 160 mL of distilled water 
followed by 17 mL of aqueous H2O2 (30%). The product was then washed 
twice with 5% HCl, the resulting graphene oxide powder was collected by 
drying at 60 °C in an oven for 24 hr. 
 
Synthesis of Cu/Reduced graphene oxide nanocomposite 
 
50 mL of different concentrations of CuCl2 aqueous solutions with 5% 
methanol (1.0 mM, 5.0 mM, 15 mM and 50 mM) were mixed with 5 mg of 
RGO powder and stirred for 30 min for the adsorption of Cu2+ onto the 
surface. Finally, the mixture was irradiated with UV light for 2.5 hr for the 
photoreduction of Cu2+ on RGO surface. The as-prepared Cu/RGO samples 
were rinsed with DI water and dried in an oven for further characterization 
and analysis. 
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Characterization 
 
X-ray diffraction measurements were performed on a D2 phaser XRD-
300W diffractometer equipped with a Cu K source operating at 30 kV and 
10 mA with scan range of 10–80◦ at a rate of 3◦ per min. UV-Vis absorption 
spectra were obtained using Cary 600 UV-Vis spectrophotometer. FTIR 
spectra were recorded on solid samples by making a pellet with KBr. 
 
Photocatalytic activity 
 
Photocatalytic experiments were carried out by photodegrading MB dye 
with 100 W household light bulb and measuring the concentration change 
with time using UV-Vis spectroscopy. The solution of MB (pH~7) without 
GO was left in a dark place for 30 min followed by light irradiation. In a 
typical experiment, 20 mg of GO was added into a 100 mL 40 ppm MB 
solution. Before illumination, the suspensions were continuously stirred at 
dark place for 40 min to reach an adsorption-desorption equilibrium. Then, 
the suspensions were exposed to visible light irradiation for another 1.5 hr 
and samples were taken at regular time intervals for dye concentration 
determination. Photodegradation was also performed on RGO and Cu/RGO 
photocatalyst materials. The degradation efficiency was determined by 
using the equation shown below:  
 
Photodegradation efficiency (%) = [(C0 - Ct) / C0] *100%   (1)  
= [(A0 - At) / A0] *100%  
 
Where C0 is the initial concentration of MB, Ct is the concentration of MB 
at time, t and A0 is the initial absorbance of MB, At is the absorbance after 
time t photo irradiation. 
 
 
RESULTS AND DISCUSSION 
 
UV-Visible Spectroscopy studies 
 
The UV-visible absorption spectra of GO, RGO and Cu/RGO 
nanocomposite synthesized with deposition of 1, 5, 15 and 50 mM CuCl2 
solutions are shown in Figure 1a. Based on the UV-visible absorption 
spectra, the absorption peaks of GO at 229 nm and 296 nm are due to the п 
- п* transition of the aromatic C-C bond and the n-π* transition of the C = 
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O bond, respectively (Kumar et al., 2013; Rabchinskii et al., 2018). After 
the reduction treatment, obvious absorption peaks were found between 232–
234 nm. It is well known that the red shift in the UV-visible absorption 
spectra is mainly due to the restoration of electronic conjugation upon the 
UV irradiation(Yan et al., 2009). The restoration of the sp2 hybridization 
carbon atoms increases the electron concentration. The UV-Visible 
absorption spectra of Cu nanoparticle decorated RGO showed new peaks at 
about 620 nm due to the surface plasmon resonance effect of Cu 
nanoparticle (Figure 1d). The shape and the position of the peak depends on 
the diameter of the Cu nanoparticle (Liu et al., 2015). This confirms the 
successful loading of Cu nanoparticle on RGO surface.  
 
 
 
  
Figure 1. (a) UV-Vis absorption spectra of GO, RGO, and Cu /RGO with various 
concentrations of CuCl2 (b) corresponding Tauc plot for direct band gap 
determination  (c) Tauc plot for indirect band gap determination and (d) absorption 
spectra of GO, RGO and Cu/RGO. 
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Figure 1b & c show the square and square root of the absorption energy 
(Ahν, where A is the absorbance) against photon energy (hν) to determine 
the direct and indirect optical band gap energies, respectively. Because GO 
comprises graphene molecules of various reduction levels, the tauc plots do 
not show a sharp absorption edge for a precise band gap but shows a range 
in band gap. From approximate linear extrapolation of the plot as shown in 
Figure 1b & c, the direct band gap and indirect band gap correlates to 2.97, 
2.62, 3.30, 3.16, 3.20, 3.05  eV and 2.20, 1.98, 2.42, 2.35, 2.21, and 2.37eV 
for GO, RGO, RGO-Cu 1 mM, RGO-Cu 5mM, RGO-Cu 15 mM and RGO-
Cu 50 mM specimens, respectively. Generally, the band gap of RGO is 
lower than that of GO, implying the photoreduction of oxygen containing 
functional groups on the surface of GO sheets. The gap nature of copper 
nanoparticle decorated reduced graphene oxide also gradually changes with 
increasing concentration of copper ion precursor solution. The band gap of 
Cu decorated RGO is a little higher than the pure RGO. It might be due to 
the self-oxidation RGO by photogenerated holes while the photoelectron is 
used for Cu ion reduction. 
 
FTIR analysis 
 
The FTIR analysis of GO, RGO and Cu/RGO nanocomposite is shown in 
Figure 2. GO showed broad absorption peak observed at ~3414 cm-1 
corresponding to O-H stretching vibration which could indicate the 
existence of adsorbed water molecules in addition to carboxy and hydroxy 
O-H groups in GO. The peak at 1619 cm-1, 1730 cm-1, 1398 cm-1, 1210 and 
1046 cm-1 corresponds to vibrational stretching of unoxidized C=C aromatic 
ring, carboxylic (kenotic species) of C=O stretching, C-OH of hydroxyl 
group, and C-O stretching bond of epoxy group respectively (Choi et al., 
2010). After reduction the characteristic absorption of oxygen containing 
groups are relatively weakened in the case of RGO. There is an obvious 
decrease in the intensities of OH stretching vibration (3414 cm−1), C=O 
(1730 cm−1), C- OH (1398 cm−1) and C- O (1210 cm−1 and 1046 cm-1) 
vibration peaks in RGO compared to those in GO, indicating that UV-
assisted photocatalytic reduction is an effective method to remove oxygen-
containing groups of GO. The presence of extensive OH peaks after 
reduction is due to the presence of adsorbed water molecules. In the case of 
Cu/RGO, the peak intensities for oxygen containing function groups are 
increased again. This could be explained as follows. During the 
photoreduction of copper ion on the surface of RGO, the photogenerated 
holes from the RGO could self-oxidize the RGO and hence oxygen 
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containing functional groups could be enhanced again. Even though 
methanol was used as a hole scavenger during copper ion photoreduction, a 
competitive reaction of the hole with methanol and RGO could lead to a 
certain extent of self-oxidation.  
 
 
Figure 2. FTIR spectra of GO, RGO and Cu/RGO 
 
XRD analysis 
 
The XRD pattern of the GO in Figure 3 shows a diffraction peak at 11.3  ͦ
confirming the formation of an exfoliated GO and a small graphitic peak 
from trace amounts of unoxidized graphite. The interlayer distance of GO is 
higher than the precursor graphite due to the incorporated oxygen containing 
functional groups including hydroxyl, epoxy and carboxyl groups, allowing 
water molecules to intercalate between the layers. The peak shift to higher 
angle in RGO (2θ=12o) shows the decrease in interlayer distance due to 
removal of some oxygen functionalities. The peak at about 26o in GO, RGO, 
and Cu/RGO represents trace unoxidized graphite. The lower angle shift in 
case of Cu/RGO is due to the increase in inter-layer spacing as a result of 
the self-oxidation of RGO during the photoreduction of cupper ion, in 
agreement with the FITR results. This is in agreement with the large optical 
bandgap from UV-Vis and increased oxygen functionalies from the FTIR 
spectra of Cu/RGO. In addition the diffraction peak at about 42.8o is due to 
the Cu nanoparticle deposited on RGO surface. The appearance of this 
diffraction peak in Cu/RGO nanocomposite which was absent in GO and 
RGO ascertains the formation of Cu nano particle by in-situ photocatalytic 
reduction method. The size Cu nanoparticle prepared using photoreduction 
of 50 mM CuCl2 solution for 2.5 hr was determined from Scherer equation 
(Equation 2).  
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D = K* λ/βcosθ      (2) 
 
Where D is the interlayer distance, λ is the wavelength of the X-rays = 
0.15406 nm, β is the peak width of half-maximum of an XRD, K is 
constant=0.94 and θ is the Bragg diffraction angle. The crystalline particle 
size of Cu nanoparticle was found to be about 12.21 nm. The size of the 
particle is dependent on the concentration of CuCl2 solution used and the 
time of photo irradiation, where size increases with increase in concentration 
and time of photoreduction. 
 
 
Figure 3. X-ray diffraction patterns of GO, RGO and Cu/RGO nanocomposite 
 
Photocatalytic activity 
 
The photocatalytic activity of GO, RGO and Cu/RGO nanocomposite were 
evaluated by monitoring the concentration change of MB dye as a function 
of light irradiation time using UV-Vis spectroscopy. The dye has an intense 
absorption peak at 664 nm and the absorbance of the initial dye 
concentration was determined. The absorbance of the dye decreased with 
increasing time of light irradiation as shown in Figure 4a. The first 10 min 
of photocatalytic degradation of MB was dramatic and showed similar 
trends for GO, RGO and Cu/RGO. Under UV-Vis light irradiation GO, 
RGO, and Cu/RGO showed 63%, 68% and 94% photodegradation 
efficiency after 50 min, respectively. Photocatalytic degradation efficiency 
is summarized in Table 1. 
 
Table 1. Photocatalytic degradation efficiency of MB by GO, RGO and Cu/RGO. 
Photocatalyst Concentration 
of MB (ppm) 
Amount of pho-
tocatalyst (mg) 
Degradation efficiency 
after 50 min (%) 
GO 40 20 63 
68 
94 
RGO 40 20 
Cu/RGO 40 20 
 
  
133 Ethiop. J. Sci. & Technol. 12(2): 125-137, 2019 
 
 
Figure 4. Time-dependent absorption spectra of MB solution during light irradiation 
in the presence of Cu/RGO (a) and rate of MB dye photodegradation with GO, RGO 
and Cu/RGO nanocomposite (b) 
 
It is clear from Figure 4(b) Cu/RGO nanocomposite showed the highest 
photocatalytic activity compared to that of GO and RGO only. The lower 
photocatalytic activity GO could be due to the larger band gap that would 
limit its absorption in the visible region. The major light absorber is the RGO 
and the photogenerated electrons and holes can be efficiently separated in 
the presence of Cu nanoparticle. In addition, the high photocatalytic 
performance of Cu/RGO nanocomposite is due to the catalytic effect of Cu. 
The Cu nanoparticle is a good photoelectron acceptor that traps the 
photoelectron and reduces the recombination rate of photoelectron-hole 
pairs. This makes an efficient hole transfer to the surface of RGO for dye 
degradation. Later, the photoelectron can also react with the dissolved 
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oxygen in the solution to form superoxides that can oxidize the dye(Wang 
et al., 2012). Hence the presence of Cu nanoparticle plays a vital role in as 
an electron trap which enhances the charge separation efficiency and hence 
leading to better dye degradation rate relative to pristine GO and RGO. 
 
 
CONCLUSIONS 
 
In summary, RGO and Cu/RGO nanocomposites were successfully synthe-
sized by simple insitu photoreduction method. Optical absorption demon-
strated that the band gap energy of GO decreases with the photoreduction. 
The potential of GO, RGO and Cu/RGO nanocomposites as a photocatalyst 
was evaluated by photodegradation of MB under UV-light irradiation. 
Based on our studies, Cu/RGO nanocomposites showed higher photocata-
lytic activity than GO and RGO. The photocatalytic degradation efficiency 
of GO, RGO and Cu/RGO nanocomposites were 63%, 68% and 94% re-
spectively under light irradiation at pH~7 in 50 min. We believe that our 
finding would be widely applicable to the grapheme oxide-based composites 
with metal or metal oxide nanoparticles to develop a cost-effective tech-
nique for environmental protection. 
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